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SUMMARY 

The overall objective of this project is to determine the properties 
and boundaries of several high pressure phases of the H2~Be-B 2^-4113-084 
system that are needed to constrain theoretical models of the interiors of 
the major planets. This is one of the first attempts to measure phase 
equilibria in binary fluid-solid systems in diamond anvil cells and, in 
that respect, represents an attempt to advance the state of modern 
high-pressure experimentation. Vibrational spectroscopy of materials 
confined in externally heated cells is our primary experimental probe. The 
spectroscopy is supplemented by direct visual observation and x-ray 
diffraction crystallography. Ve also are measuring adiabats of these 
materials which provide constraints for models of heat flow in these 
bodies . 

Our initial efforts involve the MH3-H2O binary. This system is 
especially relevant to models for surface reconstruction of the icy 
satellites of Jupiter end Saturn. It also is relatively easy to handle 
and helps us to identify technical problems so that ve can solve thra 
before ve add more volatile components. During the period covered by this 
report (5/83-11/83), work continued on the P-T-X diagram for 0 < X £ 0.50, 
and on the development of techniques for measuring adiabats of phases of 
HH1-H20. 
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Detailed Deacription of Vork in Progreaa During the Period 5/1/83-10/31/83 

HASA Grant HAGU-104 

Phaae Diagran of 883*820 

Ml. Schwake'^a vork on the phaae diagram of 1:1 M83-82O haa been 
deaeribed in earlier reporta. During the laat aix nontha* Dr. Johnaon 
extended thia vork to coaipoaitiona in the range (883)2(820) 

0 £ X <. 0.3, at preaaurea up to 4 GPa at room temperature (20 ± 2 ®C). 
Phaaea vere identified viaually uaing a mieroacope and polariaed optica; 
pr'^aaurea vere determined by the ruby lumineacence method. For lov-ammonia 
compoaitiona (x < 0.15), the folloving aaaemblagea aucceed one another aa 
preaaure increaaea: liquid; liquid plua Ice VI (at 1.0+ GPa, compoaition 
dependent); liquid plua Ice VII (at 2.1 GPa); Ice VII plua 883*820 (at 3.5 
GPa). ffhen x ia greater than 0.15, the vater ice plua liquid fielda are 
replaced by the 883 2B2O plua liquid field, idtich ia atable betveen 0.7 and 
2.4 GPa. 

Compoaitiona of the ammonia icea vere determined by eatimating 
relative amounta of vater and ammonia icea at knovn compoaitiona. The 
883*820 phaae ia atrongly anaiotropic, haa a refractive index much lover 
than that of Ice VII, and cracka in tvo nonperpendicular netvorkj. 883*820 
haa a refractive index cloae to that of Ice VII and doea not crack readily. 
Both phaaea are colorleaa. 

From Andrea Schvake'a data for 883*820 [unpub liahed] and publiahed data 
data for 82O [Miahima and Endo, 1980] and the H83-82O ayatem at 1 bar 
[Eollet and Vuillard, 1956], a liquidua phaae diagram can be conatructed in 
P-T-X apace for the ayatem 820*4183*820. Thia ia ahovn in Figure 1. 
Published data are indicated by the heavy linea. Data from thia 
laboratory — Schvake'a data (the P-T plane at X « 0.5), data obtained from 
meaaur»enta of adiabata reported in the May 1983 progreaa report, and Or. 
Johnaon'a data — are ahovn aa circlea. Phaae boundariea are indicated aa 
aolid linea vhere they are taken from experiment, daahed iHien they are 
hypotheaized, and dotted vhere the hypothetical linea paaa behind other 
featurea on this phase diagram. Phases are labelled as follovs: 


blank circles liquid 

stripped circles Ice VI 

filled circles Ice VII 

crosshatched circles 883*2820 
dotted circles 883*820 


Composition difficulties described in the May 1983 report imply that 
Schvake's data represent lover limits for the 883*830 melting curve, 
vhich haa been dravn accordingly. The curves dravn through Johnson's data 
also take into account the (sometimes considerable) hysteresis seen by her. 
All phases represented here (Ice I, II, III, IV, VI, and VII, 883*820 
and 883*28^) also are assumed to be stoichiometric. These measurements 
vill be described in a paper to be given at the December AGU meeting and an 
invited talk at the MATO Workshop on Ices in the Solar System in January. 


! 
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Fig. 1 Partial P-T-X diagraa for tha NH3-H2O ayataa. The 
ayabola and notation are explained in the text. 
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In the near future* ve plan to extend this work in three directiona: 
1> The roon temperature phaae napping will be extended to conpoaitionc 
richer in annonia. 2. The infrared, Ranan, and X-ray characterixation 
work will be expanded in order a) to determine the etructure of MH3*2H20, 
b) to eetabliah lAether the NH3*H20 phaae at high preaaure ia identical to 
the low temperature ice of the aame co^>oaition, and c) to examine poaaible 
non-atoichiometry . 3. The phaae mapping will be extended to other 
temperaturea and preaaurea, eapecially near X “ 0.33 and 0.67. 

Infrared Spectra of Icea 

Profeaaor Wilfried Holxapfel'a intereat in infrared apectra of aqueoua 
icea and our deaire to develop analytical procedurea for high preaaure 
phaaea of the CH4-HH3-B2O "icea" motivated ua to develop an infrared 
capability during hia Fall 1982 aabbatical at UCLA. Thia development ia 
deacribed in a abort paper that will appear in the J. Gcophya. Rea. (Red) 
aupp lament for the proceedinga of Lunar and Planetary Science XIV. 

Dr. Johnaon ia now preparing to uae thia technique to identify 
coexiating phaaea in H2O-HH3 mixturea. The atrength of the infrar i banda 
of theae ayatema meana that very thin aamplea muat be uaed for .afrared 
work. However, it ia inconvenient to do aurveya with thin aamplea ao our 
approach muat be to atudy infrared apectra of a few aamplea of aelected 
compoaitiona in order to confirm the viaual obaervationa. 

Adiabata of H20^iH3 Solutiona at High Preaaurea 

For aeveral yeara. Dr. Reinhart Boehler of UCLA'a Inatitute of 
Geophyaica and Planetary Phyaica haa meaaured adiabata, (dT/dP)g " aVT/Cp, 
of aolida to preaaurea of the order of 5 GPa. The experiment involvea 
meaauring temperature changea which follow rapid preaaure changea. Adiabata 
are the relevant equationa of atate for convecting planeta, and preaaure 
dependencea of adiabata and thermal expanaivitiea, can be uaed to derive 
the Gruneiaen parametera needed to convert ahock Hugoniota to iaotherma. 

During Spring 1983, Dr. Boehler and Profeaaor Nicol ahowed how to 
adapt theae techniquea for fluid mixturea of H2O and NH3; thia development 
waa deacribed in the May 1983 report. In order to apply thia method to 
multi-pbaa<! ayatema, concentrationa muat be carefully aelected and 
controlled becauae, with the available apparatua, the compoaition of the 
part of the aample whoae temperature changea cannot be determined. Many of 
the intereating compoaitiona will have to be prepared aa gaa-liquid 
mixturea above atmoapheric preaaure and/or below room temperature. Thua, 
aince the Sumawr, Ma. Sebwake, Dr. Boehler, and Profeaaor Hicol have been 
working to develop and to teat techniquea for preparing auch aamplea. 
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Perionnel 

Moat of the work during the first two years of this grant were 
performed under Professor Nicolas direction by Ns. Andres Schwsket s 
postgraduate physicist who had been trained in Professor Holsapfel's 
laboratory. Since Septssiber 1982, Ms. Schwake has been in tb? doctoral 
program of the Department of Chemistry and Biochemistry and, duilng this 
period, has had to devote much of her time to courses and other degree 
requirements. Ve expect that she will be able to resume regular 
participation in this project in early 1984. However, during the Summer, 
Andrea worked with Dr. Reinhart Boehler, an Assistant Research Geophysicist 
in UCLA's Institute of Geophysics and Planetary Physics, to extend the 
measurements of the adiabats of ammonia-water solutions reported in the Nay 
1983 progress report. 

Dr. Mary Johnson joined the research group in January 1983 and has 
been actively involved in the phase equilibria studies at coi^>08ition8 and 
components other than 1:1 120^183. She obtained most of the new results 
reported here and is actively continuing data collection. 
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frtliMittirY ftolt tw the Water-tich Reeion of 
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A P-T-X pbaae diagraa of the ayatem NH3HI2O ia needed in 
order to underatand the interiora of Mny bodiea in the 
aolar ayatea (Uranua, Neptune, Titan), tfe have uaed a 
diaaond cell to coapreaa aeveral (NH3 )x(H 20)2 -x 
coapoaitiona in the range x < 0.3 at rooa teaperature. 
Phaaea were identified viaually, with preaaurea 
aeaaured by the ruby fluoreacence technique; pbaae 
boundariea were determined while both increaaing and 
decreaaing preaaure. Three aolid phaara are aeen. Ice 
VI foraa aa froat-Iike cryatala (1.0 GPa at x 0; 
2.0 GPa at X ■ 0.10); nucleation ia enhanced by 
addition of aaall amounts of anaaonia. Ice VII forma aa 
equant cryatala from the liquid (x >, 0.10) or from Ice 
VI. The third aolid, an ammonia-rich pbaae labelled "A", 
ia tentatively identified with NH3*2H20; but thia 
identification needa to be confirmed. The phaae haa a 
low refractive index contraat with the liquid and, under 

atrain, cracka along two 
non-perpendicular networka. 
A preliminary phaae diagram 
ia ahown here. Two triple 
points are expected at x * 
0.10, P » 2.1 GPa (Liq-VI- 
VII) and X - 0.15+0.03, P - 
2.45 GPa (Liq-VII-A). At x 
^0.22, A cryatallizea below 
1.0 GPa. 

■ ■■ 

Thia work ia aupported by NASA Contract NAGW-104. 
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ABSTRACT 

As part of a project with the overall goal of determining phase 
boundaries of the H2O-NH3 system, ve have compressed (NH3)g(H20)|.x 
mixtures at compositions in the range, 0 £ X £ 0.3, in diamond-anvil 

cells at pressures up to 4 GPa and room temperature. Other compressions 
have been performed at compositions, 0.46 ^ X < 0.50, from 150 to 400 K at 
pressures up to 5 GPa. Phases have been identified visually vith a 
microscope and polarized optics. The 883*2820 phase, "A” in the 
accompanying preliminary phase diagram, is strongly anisotropic with a much 
smaller refractive index than that of ice VII and cracks in two 
nonperpendicular networks. 883*820, ”B” in the diagram, has a refractive 
index closer to that of Ice VII and does not appear to f orm cr acks . Both 
phases areco lor less. Phase boundaries 
were determined on both increasing 
and decreasing pressure, pressures 
were determined by the ruby 
luminescence method, and compositions 
of the aaaonia ices were determined ^ 
by estimating relative amounts of Q, 
water and ammonia ices at known 
overall compositions. For low-ammonia 
compositions (X£0.15), the following 
assemblages succeed one another as 
pressure increases: liquid; liquid 
plus Ice VI (at 1.0-f GPa); liquid plus 
Ice VII (at 2.1 GPa); Ic« VII plus 
883*820 (at 3.5 GPa). For 0.15 < 

X < 0.30, the water ice plus liquid 
fields are replaced by the 883*2820 
plus liquid field at pressures down 
to 1.0 GPa and lower. 



This work was supported by NASA Contract NAGtf-104. 



